Tissue chopper slim of rat incisor, rat parotid gland, and chicken tibiae, fixed with 1% glutaraldehyde, were post-fmed with potassium fetrocyanide-redud osmium tetroxide, dehydrated with methanol, and conventionally embedded in Lowicryl K4M at -2O'C. The tissues showed an ultrastructural appearance comparable with that of their Eponembedded counterparts and, in particular, the Golgi appara-
Introduction
The physicochemical properties of the acrylate-methacrylate Lowi-cry1 K4M resin and its use at cold temperatures favor the molecular preservation of tissues as well as the exposure of binding sites at the surface of sections (for review see 1) and, as such, this resin is particularly well suited for immunocytochemical and cytochemical studies (2-4). Tissues embedded in Lowicryl K4M are usually not osmicated, since osmium tetroxide is believed to adversely affect the preservation of antigenicity of certain tissue components and to interfere with the photopolymerization of the resin (5-7). Consequently, their ultrastructure may differ from that of osmicated tissues embedded in the more routinely used epoxy resins. Furthermore, cell components in sections of non-osmicated tissues embedded in Lowicryl K4M usually suffer from poor contrast when observed with conventional transmission electron microscopy, and may therefore require special staining (8). However, it has been suggested that osmication of Lowicryl-embedded tissues may be possible if the specimens are very small and if low concentrations of osmium are used (1). We report here a procedure for embedding osmicated tissues in Lowicryl K4M. These osmicated tissues have a morphological appearance close to that obtained with similarly treated tissues embedded in Epon and they permit lectin cytochemical and immunocytochemical labeling. Constant, Qui.. Canada) were anesthetized with chloral hydrate (Fisher Scientific; Montreal, QUE., Canada) and perfused through the left ventricle and into the aorta with lactated Ringer's solution (Abbott; Montreal, QuC., Canada), followed by 1% glutaraldehyde in 0.08 or 0.1 M sodium cacodylate buffer containing 0.05% CaC12, pH 7.3. The parotid gland and hemimandibles were removed and further fixed by immersion in the same fixative for 3 hr at 4'C. The mid-diaphyseal region of 12-or 18-day-old embryonic chicken tibiae (the eggs were purchased from Spafas Inc. Norwich, CT) were dissected and fixed overnight by immersion in the above fixative. The hemimandibles were decalcified in 4.13% EDTA for 14-21 days. All tissues were then washed in 0.1 M sodium cacodylate containing 5 % sucrose, pH 7.3. Pieces ofparotid gland, segments of incisors surrounded by alveolar bone, and calcified tibiae were embedded in 7% gelatin and sliced at a thickness of 50-75 pm using a Sorvall 'IC-2 tissue chopper. The tissue chopper slices were then post-fmd in aqueous potassium krrocyanide (l.S%)-reduced osmium tetroxide (0.5% or 1%) for60 min (9) . Thesepostfixed slices (medium to dark brown in appearance), and some samples of non-osmicated tissues, were dehydrated in graded methanol (30-90%) and embedded in Lowicryl K4M [(Chemische Werke h i GmbH, Waldkraiburg, Germany) Mecalab, PAT QuC., Canada) within gelatin capsules (Parke Davis;
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Brockville, Ont., Canada)] as described previously (3.10). The resin was polymerized at -2O'C for 5-10 days under two pairs of FIST8 BLB ultraviolet lights (34 cm in length) located 26 cm above and below the specimens. Some osmicated samples were also processed for routine Epon embedding.
After an initial polymerization period, blocks that were still incompletely polymerized were trimmed for thick sectioning and re-exposed to uv light at -20'C for periods of 1-3 days. Thin sections prepared using either diamond or glass knives were used for morphological analysis, immunocytochemistry, or lectin-gold cytochemistry. Sections were stained for 2-5 min with 4% aqueous uranyl acetate and 1 min with Reynolds' lead citrate, or with lead citrate alone. They were examined with a JEOLJEM 1200EX-I1 orJEM 2OOOFX-II electron microscope operated at 60 kV or 80 kV, respectively.
Immunocgtochemistry. The protein A-gold (partides of approximately I5 nm) method was used for the immunolocalization of antigenic sites in 870 NANCI. MAZARIEGOS, FORTIN the tissues (4). Briefly, thin sections of parotid gland were incubated with rabbit anti-rat amylase antibodies (courtesy of Dr. M. Bendayan, Department of Anatomy, UnivenitC de Montreal), diluted 1:500 to 1:10,000 in 0.01 M phosphate buffer containing 0.9% NaCl (PBS), pH 7.2. Thin sections of enamel organ were incubated with sheep antibodies to the LRAP (leucine-rich polypeptide) portion of porcine amelogenin (courtesy of Dr. H. Limeback, Faculty of Dentistry, University of Toronto), diluted 1:20 to 1:50 in PBS, for 1-3 hr at room temperature, followed by rabbit anti-sheep IgG antibodies (1:500 in PBS; Organon Teknika-Cappel, Scarborough, Ont.. Canada) for 1 hr. Thin sections of chicken tibiae were incubated with rabbit antibodies to chicken osteopontin (courtesy of Dr. L.C. Gerstenfeld. Laboratory for the Study of Skeletal Disorders and Rehabilitation, The Children's Hospital, Boston) for l hr at room temperature. After reaction with the respective antibodies, the thin sections were incubated with protein A-gold for 30 min. also at room temperature, washed with PBS and distilled water, and then stained as above. Some thin sections were floated on a saturated solution of sodium metaperiodate for periods of 1-15, 30, and GO min before incubation with antibody.
Lectin-Gold Cytochemistry. Ricinus connunis I (RCA-I; Sigma, St Louis, MO) was complexed to colloidal gold (particles of approximately 15 nm) as described by Roth (2). Thin sections of enamel organ and parotid gland were incubated with RCA-gold complex for 1 hr at room temperature, and washed with PBS followed by distilled water.
Results
Ultrastructural Observations
After osmication and embedding in Lowicryl K4M, the ultrastructure of the various cell types examined (Figures 1-6 ) closely resembled that of similarly treated tissues embedded in Epon. Both the plasma and intracellular membranes were clearly defined ( Figures  1-6 ). In collagen-producing cells such as odontoblasts or osteoblasts, the Golgi apparatus was distinct, and stacks of saccules and both spherical and cylindrical distentions were readily identified (Figures  2 and 3) .
Immunocytochemistry
The distribution of the immunocytochemical labeling obtained with antibodies to enamel proteins, osteopontin, and amylase in ameloblasts ( Figure 1 ). bone (Figure 2) , and parotid acinar cells (Figure 4) , respectively, was generally similar to that obtained using Epon-embedded tissues (see figures in [11] [12] [13] . Ameloblasts showed labeling over the protein-synthetic organelles, secretory granules, and the enamel surrounding Tomes' process ( Figure 1) . The reac- tion over the Golgi apparatus, however, seemed more intense than with Epon-embedded tissues. In chicken bone, most of the immunolabeling for osteopontin was present over electron-dense patches of organic material present in the bone matrix ( Figure 2) . A few particles were also observed over the Golgi apparatus. The anti-amylase antibody used at a dilution of 1500 yielded more or less similar densities of labeling on Lowicryl K4M- (Figure 4) and Epon-embedded osmicated parotid gland. Again, the labeling over the Golgi apparatus of the Lowicryl-embedded specimens usually appeared somewhat more intense (Figure 4) . At a dilution of 1:10,000, the Epon-embedded tissue was weakly reactive, whereas in Lowicryl K4M the secretory granules still showed several gold particles.
Both concentrations of osmium used were found to be adequate for Lowicryl embedding, but any potential differences or advantages were not systematically evaluated in this study. Although some labeling was obtained without oxidation of the osmium (within the tissue sections) with sodium metaperiodate, the density of labeling increased after as little as 5 min of treatment. Prolonged exposure to sodium metaperiodate often, but inconsistently, produced high background labeling.
Lectin-Gold Cytochemistry
A specific reaction was obtained on sections of osmicated enamel organ and parotid gland embedded in Lowicryl K4M (Figures 5  and 6 ). Under similar incubation conditions, no lectin binding sites were detected when sections of osmicated tissues embedded in Epon were incubated with RCA-I-gold complex. The basal lamina separating the maturation stage ameloblasts from the maturing enamel, however, showed fewer gold particles (Figure 5 ) than the nonosmicated counterpart (data not shown). Many gold particles were observed over the secretory granules of parotid acinar cells ( Figure 6 ).
Discussion
Demonstration of cytochemical reactions usually involves a compromise between the quality of ultrastructural preservation and the degree of retention of reactivity; this, indeed, is particularly important for immunocytochemical labeling. The use of acrylic-based resins such as Lowicryl K4M favors the retention of reactivity (3,5,14-16), however, ultrastructural appearance is not always adequate, particularly for certain cell components. It has been our experience that the cells of mineralized tissues are particularly sensitive to processing and embedding conditions. For instance, the Golgi apparatus of ameloblasts, odontoblasts, and osteoblasts embedded in Lowicryl K4M will often appear as a vacuolated region in which membranes are difficult to discern (see figures in 10, 13, 17, 18) . The data reported here show that it is possible to improve the ultrastructural appearance of h i c r y 1 K4M-embedded tissues (compared with non-osmicated tissues) while retaining reactivity to antibodies and lectins. In particular, membranes are distinct, thus allowing every cell compartment to be clearly delineated. The improved preservation of membranes is not surprising and, indeed, was to be expected. During dehydration of non-osmicated tissues, even at low temperature, substantial loss of lipids occurs (19) . Post-fmtion with osmium tetroxide preserves lipids and minimizes their extraction (for review see 20) . When tissues are embedded in Lowicryl resins, it has been reported that retention of lipids can be improved (without osmication) by using the non-polar Lowicryl HM20 resin or when specimens are processed by freeze-substitution (1, 15, 19) . Furthermore, potassium ferrocyanide-reduced osmium tetroxide has been shown to stabilize and help the retention of certain glycoconjugates and to improve the preservation of membranes (9, 21) , a property particularly useful for lectin cytochemistry. Since Lowicryl K4M usually gives higher immunolabeling than comparable Eponembedded tissues (3), it may be possible with certain antigens and antibodies to use higher dilutions and/or shorter incubation times. The use of osmicated tissues in Lowicryl K4M would therefore be particularly advantageous in cases where weak or no labeling is obtained with Epon, or when antibodies are available in limited quantities.
Osmium is generally believed to interfere with the polymerization of Lowicryl K4M by absorbing ultraviolet light (5-7). Our data show that this problem can be minimized by using specimens with a small overall volume, such as the thin slices produced with a tissue chopper ((75 pm thick). Osmicated isolated cells have also been shown to be suitable for embedding in Lowicryl resins (19) . We have observed that blocks of osmicated tissues were occasionally poorly polymerized. Trimming the face of the block and further exposure to uv light is helpful in this case, although the blocks may still retain an overall soft consistency (which may affect the cutting properties and lead to thicker sections). Although the presence of oxygen or water may affect the polymerization of Lowicryl resins (I), the occasional block softness observed with osmicated specimens most probably results from the dfect of osmium, since similarly processed non-osmicated tissues were consistently well polymerized. Antigenic sites are in many cases "masked" by osmication, and oxidation of the tissue sections with sodium metaperiodate has been shown to "unmask" these sites (22) . The data contained herein suggest that treatment with sodium metaperiodate for short periods (5-15 min) is usually beneficial in improving the intensity of the immunolabeling (depending on the nature of the antigen); however, prolonged exposure may result in high background labeling, possibly because the resin itself is affected by the treatment. Exposure to sodium metaperiodate may 
